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(1) 利用合金法，首次系统地实验测定了 Ni-Hf-Si 在 1000℃和 1100℃时全
成分范围内的等温截面相图。在 Ni-Hf-Si 三元系中验证了四个三元化合物 τ1，τ2，
τ3 和 τ4 的存在，且发现了一个新的三元化合物相 τ9。 




(3) 基于本论文测定的 Ni-Hf-Si 的等温截面相图和已报导研究的 Ni-Cr-Si 系






且不含 B, P 等脆性相生成元素，具有进一步深入研究的价值。 
 






























Nickel-based interlayers are widely used for the vacuum brazing of stainless steel 
and high-temperature alloys in the fileds of mechanism, chemical engineering, 
petroleum, aviation, spaceflight, energy and atomic energy due to their good anti-high 
temperature, good anti-cauterization, good anti-oxidatin and excellent intensity in the 
condition of high temperature. For now，the widely used Nickel-based interlayers 
showed lower the shear strength and tensile strength because of the addition of brittle 
elements such as B, S, P, C. Therefore, it is hard to meet the increasingly stringent 
performance requirements in many ways. Furthermore, the most Nickel-based 
interlayer alloys should be the multi-component alloys, it is difficult to design their 
composition. Phase diagram has the important application in the designing of metallic 
alloys. In the present work, combining with phase diagram method and “trial and 
error”, the design and experimental determination of a variety of series of new 
Nickel-based interlayers were carried out. Major research contents are listed as 
follows: 
(1) The phase equilibria of the Ni-Hf-Si ternary systems at 1000  and 1100  ℃ ℃
are experimentally determined for the first time. Four ternary compounds (τ1, τ2, τ3, τ4) 
were identified in these isothermal sections, and one new phase named τ9(Ni9Hf19Si22) 
was firstly observed both at 1000℃ and 1100℃.  
(2) Based on the eutectic point of the binary phase diagrams of Ni-Zr and the 
microstructure and phase equilibria of Ni-Zr-Co, a sery of new Ni-Zr-Si-based and 
Ni-Zr-Co-Si-based interlayers were designed and experimental determined through 
researching the effect of different alloying elements on the microstructure and melting 
point of master alloys.  
(3) On the basis of the experimental data by this work and previous reports of 
Ni-Cr-Si based interlayers and the phase equilibria of Ni-Hf-Si ternary systems, a sery 















determined combined with the phase equilibria of Ni-Cr-Si ternary systems.  
The obtained results by this work can be applied to establish the thermodynamic 
database of Nickel-based interlayer. In addition, this research successfully devised the 
experimentation and produced several Nickel-based interlayers which can wet 
stainless steel well through the alloy composition design and the brazing line analysis. 
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